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PRELIMINARY RESULTS OF LUNAR SOIL STUDY 

A. P. Vinogradov 

ABSTRACT, Preliminary d a t a  on t h e  lunar  s o i l  core  sample 
brought back by Luna 16 are presented, 

I am report ing some preliminary d a t a  on t h e  lunar  s o i l  brought back by /5* 
the  autorcatic s t a t i o n  Luna 16, The soil  sample w a s  obtained i n  t h e  north- 

eas te rn  p a r t  of Mare Fecundi ta t is ,  i n  a point with coordinates  Oo4ltS,  

56'18'E, approximately 100 km t o  t h e  westward of Webb Crater. 

Mare Fecunditat  is shows traces of comparatively mild subsidence. The shores  

are rimmed by rugged mountains. 

300 m) branched w a l l s .  

c r a t e r s .  

It  is a p la in ,  t raversed  by low-lying (100- 

This sec t ion  has none of t h e  ray systems of t h e  l a r g e  

The sample is c h a r a c t e r i s t i c  of a new region of t h e  lunar  m a r i a  surface 

approximately 900 km t o  t h e  eastward of t h e  Apollo 11 landing site. The d r i l l  

penetrated t h e  loose lunar  mantle, t h e  soi l ,  o r  t h e  r e g o l i t h ,  with comparative 

ease. Regol i th ,  a term proposed at  t h e  end of t h e  last century,  refers t o  t h e  

loose surface material on a p lane t ,  regard less  of t h e  condi t ions under which 

formed . 
The d r i l l ,  upon reaching the  assigned depth,  b i t  i n t o  s o l i d  rock, o r  

i n to  a la rge ,  i so l a t ed  rock fragment. 

no more than 5 mm, and t h i s  is confirmed by inspect ion of t h e  core  sample. 

Further pene t ra t ion  by t h e  d r i l l  w a s  

The sample, upon de l ive ry  to t h e  Receiving Laboratory, underwent 

rad ia t ion ,  b io logica l ,  and tox ico logica l  monitoring, a l l  of which, as 

earlier da t a  have shown, w a s  unnecessary. 

The core  of loose lunar s o i l  ( r e g o l i t h )  completely f i l l e d  the  d r i l l .  Once 

on t h e  receiving t r a y  it showed no v i s i b l e  layer ing and appeared t o  be uniform 

throughout t h e  d r i l l  depth, Some small p a r t  of t h e  s o i l  at a face about 35 c m  

deep was made up of a more coarx-gra ined  material. 

s l i g h t l y  mor? than 100 grams. 

The core weighed 

- ~~ 

* Numbers i n  t h e  margin ind ica te  pagination i n  t h e  fore ign  text.  
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Overall view of lunar  s o i l  brought back "JY t h e  automatic s t a t i o n  Luna 16. 

The s o i l  ( r e g o l i t h )  o v e r a l l  is a vm?ig?ained dark gray (b lackish)  powder. 

I t  molds r e a d i l y  and coheres i n t o  ind iv idua l ,  loose lumps. This feature is 

what m a k e s  it d i s t i n c t l y  d i f f e r e n t  from s t r u c t u r e l e s s  e a r t h  dus t ,  d e s p i t e  t h e  

predominance of fine-grained f r a c t i o n s  i r i t h  :.n average g ra in  s i z e  of about 

0.08 t o  0.1 mm. 

s t r u c t u r e  of our s o i l s .  

sorts of traces, and t h e  semic i rcu lar  shcped impressions r e t a ined  can be seen 

on t h e  panorama. The so i l  e a s i l y  supports  even 2 v e r t i c a l  w a l l .  The s o i l ,  

poured through a funnel t o  form a p i l e  2 c m  high near 3 v e r t i c a l l y  posi t ioned 

g l a s s  w a l l ,  r e t a ined  its cast wiihout scat :ering, forming a na tu ra l  s lope 

with an angle  near  4 5 O .  
I t  is of i n t e r e s t  t o  note t h a t  lunar  s o i l  LS highly suscep t ib l e  t o  e l e c t r i f i c a t i o n ,  

sp-ething t h a t  appears i n  t h e  manner i n  which its p a r t i c l e s  adhere t o  t h e  sur- 

fwes  of p l ex ig l a s s ,  f l u o r o p l a s t i c ,  and o the r  materials. 

In t h i s  regard,  lunar soil 1 esembles w e t  sand, o r  t h e  cloddy 

The lunar s o i l  r e a d i l y  takes t h e  impression of a l l  

It can be sieved e a s i l y ,  d e s p i t e  good cohesion. 

A 
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Lunar s o i l  ( r e g o l i t h )  core.  A, B, C ,  D ,  E - main zones. 
The average size of f r a c t i o n  p a r t i c l e s  smaller than 1 mm 
is shown i n  parentheses.  

Graininess of t h e  s o i l  increases  w i t h  depth,  so i n  accordance with t h i s  

c r i t e r i o n ,  and based on granulom:.tric ana lys i s ,  it can be broken dcwn i n t o  severa l  

zones, gradually merging i n t o  each other .  

D, and E. 

W e  s h a l l  call  these  zonas A, B, C,  

Zones A, B - fine-grained material with f e w  coarse  f r a c t i o n s  - from 0 t o  

15 cm along t h e  length of t h e  core.  

2--- s C, D - varigrained material w i t h  rock debr i s  and o the r  p a r t i c l e s  l a r g e r  

than II - from 15 t o  33 c m  along t h e  length of t h e  core. 

Zone E - coarse-grained material - from 33 t o  35 c m  along t h e  length of 

t he  core.  

Zone A includes t h e  looses t ,  t h e  surface,  l aye r  (0-5 c m ) .  

determine t h e  p r inc ipa l  o p t i c a l  c h a r a c t e r i s t i c s  of t h e  lunar  sur face  and relate 

t o  the  high poros i ty  of t h e  sur face  s t ruc tu re .  

l ayer  apparently v a r i e s  i n  d i f f e r e n t  places ,  but t h e  mean bulk dens i ty  a t  5 cm, 

Its prope r t i e s  

The thickness  of t h e  looses t  



3 according t o  t h e  Luna 13 da ta ,  has been determined t o  be 0.8 g/cm , and t h i s  

can be taken, t e n t a t i v e l y ,  a s  t h e  f i g u r e  f o r  t h e  Luna 16  landing si te.  

Beneath t h e  co re  taken on t h e  moon w a s  s o l i d  rock, or a rock fragment 

( t h e  F l aye r ) .  

The average s ize  of p a r t i c l e s  smaller than 1 mm var ied  through t h e  core 

from 7Ow i n  t h e  sur face  sec t ion  t o  1 2 0 ~  i n  t h e  deep sect ion.  

The mean bulk d e n s i t y  of t h e  s o i l  i n  t h e  n a t u r a l  occurrence at  t h e  f i n a l  

d r i l l  depth w a s  determined t o  be 1.2 g/cm . A bulk dens i ty  of t h e  same order  

of magv.itude w a s  obtained when t h e  s o i l  w a s  poured f r e e l y  i n t o  a graduate, and 

1.8 g/cm 

moon a t  a depth of 35 c m  t h e r e f o r e  is determined t o  be 50-60 percent.  

3 

3 w a s  obtained after tamping. The mean poros i ty  of so i l  on t h e  

I t  a l ready has  been pointed out t h a t  l una r  s o i l  is dark gray, or  blackish,  

i n  color. Visual assessment 'of its luminosity is extremely d i f f i c u l t  because 

t h e  l a t t e r  changes g r e a t l y  with loca t ion  of l i g h t  source and observer. 

c h a r a c t e r i s t i c  feature of t h e  lunar s o i l  appears i n  t h e  unique shape of t h e  

s c a t t e r i n g  curve for  d i f f e r e n t  wavelengths and l i g h t  angles with respec t  t o  

t h e  s o i l .  The determinant here  is t h e  sur face  s t r u c t u r e  and t h e  rex'lecting 

p rope r t i e s  of i ts component, v i t r i f i e d  grains .  

This 

The normal albedo, determined by instrument, v a r i e s  f r o m  8.6 percent i n  t h e  

u l t r a v i o l e t  region of t h e  spectrum t o  12.6 percent  i n  t h e  near  i n f r a red  region,  

and 10.7 percent  fo r  v i s i b l e  l i g h t .  This  value matches t h a t  for  s o i l  somewhat 

l i g h t e r  i n  color than t h a t  typical of t h e  lunar maria, on t h e  average, but close 

t o  ground determinat ions of t h e  albedo fo r  M a r e  Fecundi ta t i s .  

Observers repeatedly of fe red  cont rad ic tory  eva lua t ions  of t h e  soi l  co lo r ,  

r a n g i n g  from greenish t o  brownish. 

because of t h e  observed uniqueness of t h e  r e f l e c t i n g  and s c a t t e r i n g  p r o p e r t i e s  

of t h e  lunar  s o i l  at  s i g h t  angles c l o s e  t o  t h e  normal t h e r e  is a greenish hue. 

An increase i n  s i g h t  angle r e s u l t s  i n  t h e  appearance of  a red-brown hue. The 

d i f f e rence  i n  co lo r  percept ion increases  with increase  i n  t h e  angle of incidence 

of l i g h t  on t h e  sur face  of t h e  s o i l .  I t  is prcbable t h a t  the v i s u a l  impression 

of p a r t i c u l a r  hues occurs because t h e r e  are greenish,  as w e l l  as brownish, g r a i n s  

of glasses and minerals  i n  t h e  so i l .  

This can be explained by t h e  fact  t h a t  

4 
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Microscopic study separated a number of d i f f e re i i t  types fi-oio among t h e  

p a r t i c l e s  of lunar s o i l ,  some of which d i f f e r  s i g n i f i c a n t l y  from e a r t h  

formations. 

rocks ( b a s a l t  t y p e s ) ;  and p a r t i c l e s  t h a t  have been subjected t o  d e f i n i t e  trans- /7 
formations on t h e  lunar surface. Charac t e r i s t i c  of t h e  former is t h e  persuasively 

f r e s h  appearance observed on e a r t h  i n  f r e s h l y  crushed samples of permanent rocks. 

They show v i r t u a l l y  no traces of roundness and are angular i n  shape. 

Two main sets can be d is t inguished:  p a r t i c l e s  of primary magmatic 

I 

-- 

'. , 

...,.I- . 
. i  
i 
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I L u n a r  s o i l  w i l l  sa rtaiii a sheer  w a l l ,  forming s t e e p  na tu ra l  slopca. 

There are, on t h e  o the r  'and,  a great many s i n t e r e d  p a r t i c l e s  of apparent ly  

5 
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complex shape, o f t en  v i t r i f i e d  on t h e  surface, as w e l l  as a d e f i n i t e  number or̂  

sphe r i ca l  fused formations,  s o l i d i f i e d  spherules  of g l a s s  and metal appearance 

similar t o  t h e  "space beads" found on ear th .  

The following groups of p a r t i c l e s  have been separated from the l a r g e r  

1: ract ions and are under inves t iga t ion .  

Basaltic rocks. Two types,  cha rac t e r i z ing  t h e  condi t ions  of so l id i2  - za t ion  

of t h e  b a s a l t i c  fusion,  can be d is t inguished  among t h e s e  rocks: fine-grained 

basalts;  and coarse-crys ta l  basalts of t h e  gabbro type.  They comprise almost 

one-fourth of a l l  coarse-grain f r a c t i o n s .  

pyroxenes, i lmeni te ,  and o l iv ine .  The relative content  of each v a r i e s  g r e a t l y  

i n  t h e  d i f f e r e n t  sect ions.  

The bas i c  ma te r i a l s  are p lag ioc lases ,  

Feldspathic  rocks (anor thos i t e )  . White, p o l y c r y s t a l l i n e  g ra ins ,  i n  stri 

amounts. They are of i n t e r e s t  because t h e  r e sea rche r s  consider  them t o  be 

r ep resen ta t ives  of l una r  bedrock scattered over cons iderable  d is tances ,  

Grains of ind iv idua l  minerals. I d e n t i f i e d  among t h e  monomineral g r a i n s  

t h u s  f a r  are p lag ioc lase ,  o l i v i n e ,  pyroxene, and ilmenite, t h a t  is, t h e  basic 

minerals of b a s a l t i c  rocks. There are not many of them i n  t h e  l a r g e  f r a c t i o n s ,  

but t he i r  number increases with decrease i n  p a r t i c l e  s i z e .  

S o l i d i f i e d  spherules  and beads and s i m i l a r  formations, G l a s s  beads, and 

pear-shaped and dumbbell-shaped s o l i d i f i e d  spherules  of d i f f e r e n t  c o l o r s  are 

found. They are t ransparent ,  cloudy white,  greenish,  yellow brown, and opaque, 

o f t en  hollow. Their sheens range from glassy  t o  metallic. The number of t hese  

formation increase  i n  t h e  s m a l l  f r a c t i o n s .  They form at temperatures g r e a t l y  

i n  excess of t h e  melting poin t  of t h e  rocks and meteor i tes  from which they 

spa t t e red  i n  t h e  molten state. 

Ereccias. Cemented, l i t h i f i e d  rocks formed as A r e s u l t  of t h e  consol ida t ion  

of f i n e l y  crushed r e g o l i t h  material and containing,  i n  var ious  proport ions,  al l  

of i ts component=, including p a r t i c l e s  of primary magmatic rocks. 

are noted fo r  some of the breccias, as is loose consol ida t ion ,  r e s u l t i n g  i n  

ready mechanical des t ruc t ion  of t h e s e  p a r t i c l e s .  A c h a r a c t e r i s t i c  feature of many 

breccias  is magnet izabi l i ty .  

number of p a r t i c l e s .  

Rounded p a r t i c l e s  

Breccias  comprise up t o  40 percent of t h e  t o t a l  

6 



Sinters .  Small s i n t e r e d  Garticles forming aggregates with a very complex, 

i r r e g u l a r ,  branching shape. Like t h e  brecc ias ,  they include a l l  types  of 

p a r t i c l e s ,  a l l  of t h e  r e g o l i t h  components. S i n t e r s  comprise 15 t o  20 percent 

of t h e  t o t a l  number of p a r t i c l e s .  P r a c t i c a l l y ,  they are found only i n  t h e  

l a r g e  f r a c t i o n s .  

Breccias and s i n t e r s  are of i n t e r e s t  as an index of how t h e  p a r t i c l e  

consol idat ion process takes place  on t h e  lunar  su r face  simultaneously with 

t h e  rock grinding and crushing processes. 

It  should be emphasized t h a t  the fact  of some cohesion of lunar s o i l  had 

been known p r i o r  t o  t h i s  t i m e .  But t h e  fact of t h e  complex shape of t h e  

so i l  p a r t i c l e s ,  while included among t h a  reasons,  ev ident ly  w a s  underestimated. 

It would appear t h a t  t h z  pure ly  mechanical bonding of t h e  g ra ins ,  lending t o  

t h e  formation of ind iv idua l  lump-like a g g r e g a t e s ,  can be explained i n  p a r t i c u l a r  

by t h e  features of p a r t i c l e  shape and t h e  s p e c i f i c s  of p a r t i c l e  surfaces. 

Coarse-grained po r t ion  of lower zone of lunar  s o i l  core. In  t h e  center 
is a s o l i d i f i e d  g l a s s  spherule  of na tu ra l  o r ig in .  
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Pr inc ipa l  types of lunar  r e g o l i t h  p a r t i c l e s .  Magnified. 

Glasses' v i t r i f i e d  and scorified p a r t i c l e s .  Over ha l f  of a l l  types  of lunar  
I 

s o i l  p a r t i c l e s  w e r e  fused or  s c o r i f i e d  t o  somt degree on one, or several sides. 

The color of t h e  g l a s s  formed depends on t h e  composition of t h e  fused p a r t i c l e s .  

Predminant  is g l a s s  ranging from dark brown t o  black. Bead, s l ag - l ike  fusion,  

as w e l l  as smooth, glazed v i t r i f i c a t i o n ,  is found. 

T h i s  t y p i c a l l y  lunar fus ion  can occur only during t h e  instantaneous hea t ing  

of a p a r t i c l e  t h a t  is  cold throughout, and it is t h i s  t h a t  draws a sharp 

d i s t i n c t i o n  between t h i s  s o r t  of v i t r i f i c a t i o n  and volcanic  glasses, f o r  

example. 

Glass of volcanic o r i g i n  (volcanic ash)  resembles one type of brownish, 

large-bead g ra ins ,  fused a l l  t h e  way through, with t h e  c h a r a c t e r i s t i c  conchoidal 

f r a c t u r e  t ha t  could form during crushing of comparatively l a r g e  masses of 

fused rock. The to ta l  quan t i ty  of g l a s s e s  of t h i s  type  is s m a l l .  



It should be pointed out  t h a t  t h e  content of t h e  d i f f e r e n t  morphological 

types of p a r t i c l e s  v a r i e s  with core  depth. 

of s i n t e r s  and s c o r i f i e d  p a r t i c l e s ,  and an increase  i r l  t h e  number of p a r t i c l e s  

of b a s a l t s  of t h e  gabbro type,  itre noted with depth. 

of t h e  composition of t h e  primary rocka, i n  t h e  landing area.  

Some decrease i n  t h e  r e l a t i v e  content 

The la t ter  can be i n d i c a t i v e  

Chemical Composition of Lunar Hocks 
-- 

I I : F ine  Frac- :Basaltic I Fine Frac- 

P a r t i c l e s  of metailic i ron ,  These p a r t i c l e s  are found from t i m e  t o  t i m e  

i n  t h e  form of individual  fragments, ev ident ly  i r o n  meteorites, as w e l l  as i n  

t h e  form nf s m a l l  inc lus ions  i n  b recc ia s  and s i n t e r s .  They determine t h e  

basic  magnetic p r o p e r t i e s  of lunar  r ego l i th .  

Mechanical, electromagnetic,  and thermal and physical  p r o p e r t i e s  of t h e  

s o i l  are under study. Transmission of heat  through t h e  l aye r  of lunar  material 

under space vacuum condi t ions ,  fo r  example, is by r a d i a t i o n  and contac t  k . - s t  

coiiduction. Measurements have revealed t h a t  s o i l  s p e c i f i c  heat  does not 

depend on t h e  dens i ty  af t h e  covering, but is, on t h e  average, t h a t  of e a r t h  

rocks,  and t h a t  t h e  hea t  conduction has  extremely l o w  va lues ,  considerab'  ower 

than those  f o r  t h e  best  of t h e  e a r t h ' s  heat  i n su la t ing  materials, 

The chemical composition of d i f f e r e n t  s o i l  f r a c t i o n s  is now under study. 

The s o i l  ma te r i a l ,  ir! i k s  chemical composition, is crushed b a s a l t i c  type rock. 

We ind ica ted  t h e  b a s a l t i c  na ture  of t h e  sur face  rocks on t h e  moon as far back 

as 1966, using Luna 10 aata. 

The t a b l e  lists some of t h e  d a t a  on t h e  composition of a f i n e  f r a c t i o n ,  

and of p ieces  of compact rock, obtained by Luna 16, and p resen t s  comparative 

d a t a  f o r  t h e  Apollo 12  samples. Some tendency toward a reduct ion i n  the  

9 
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con tes t  of a number of elements, FeO, 'Ii02, and o the r s ,  i n  t he  f i n e  f r a c t i o n  

as compared w i t h  t h e  compact rock, can be observed. 

increase .n o t h e r s  i n  t h e  f i n e  f r a c t i o n ,  p a r t i c u l a r l y  A 1  0 Th, U, and o thers .  

The content of Th and U is of the same orde? of magnitude as It is i n  t h e  

case  of t h e  Apollo 1 2  and Apollo 11 samples. while Th is of t h e  order  of 10 

and U is of t h e  order  of 1 ~ ) - ~  percent .  Despite t h e  fact  t h a t  t h e  in t ake  

s i te  f o r  Luna . 1 '  w a s  900 km from t h e  Apollo 11 in take  site, i n  M a r e  T r a n q u i l l i t a t j s ,  

they d i f f e r  cc 

e a r t h  elements, and ce r t a in  o thers ,  and i n  a higher  FeO content.  It is i n t e r e s t i n g  

t h a t  t h e  Luna 16 and Apollo 11 samples have i d e n t i c a l l y  high conten ts  of such 

space-produced i n e r t  gases as H e ,  N e ,  Ar, Xe,  and Kr i n  t h e  f i n e  f r a c t i o n s ,  as 

compared with t h e  Apollo 12 samples. 

t!ie t a b l e ,  i n  ove ra l l  composition, t h e  Luna 16 samples are very similar t o  t h e  

Apollo 12 rock samples obtained i n  Oceanus ProceLlaruu~ some 2500 km from t h e  

Luna 16 landing site. The quan t i ty  of r e g o l i t h  i n  t h e  Ocesnus Procellmum 

area evident ly  is s l i g h t .  

There is a d e f i n i t e  

2 3' 

-4 , 

.derably from t h e  la t ter  i n  lower conten ts  of T i02 ,  M2 rare 

A t  t h e  same t i m e ,  as w i l l  be seen from 

A s  of t h i s  t i m e  w e  have e s t ab l i shed  t h e  presence of 70 chemical elements 

i n  t h e  Luna  16 aamples and have made i so toq ic  determinations.  Short- l ived 

raz ionucl ides ,  formed by t h e  solar wind, we p e s e n t  i n  t h e  so i l  material. 

Thus, t h e  c r y s t a l l i n e  rocks on t h c  surface of t h e  lunar  maria are of t i e  

same basaltic type, but d i f l e r  i n  content  of ce i* t a in  chemical elements. Their  

cornposit ion approaches t h e  composition of p r imi t ive  b a s a l t s  on ear th .  

The lunar  m a r i a  are p l a i n s  once f i l l ed  with volcanic lava. The b a s a l t  

type  rocks form as t h e  most r e a d i l y  melted p a r t  during zone melting of t h e  

p l a n e t ' s  in teynal  material. It  may be assumed t h a t  t h e  overall course of t h e  

d i f f e r e - t i a t i o n  of t h e  material of t h e  Earth and of t h e  Moon, and, probably, 

of other p l a n e t s  of t h e  e a r t h  type,  followed similar pa ths ,  although reaching 

d i f f e r e n t  stages of development. 

The material of t h e s e  lava maria has  been subjected t o  lunar crushing, 

and perhaps it can be s a i d  even t o  "lunar weathering.'' Weathering: t h e  

des t ruc t ion  of rocks on e a r t h ,  takes p lace  pr imar i ly  as a r e s u l t  of t h e  effects 

of carbon dioxide,  water, and organisms. None of t h e s e  are present  on t h e  moon. 

The f a c t o r s  ac t ing  t o  des t roy  rocks on t.he moon are compietely d i f f e r e n t ,  
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including a s  thev do t h e  s o l a r  wind, corpuscular cosmic r ad ia t ion ,  meteori te  

impacts, s ign i f i can t  v a r i a t i o n s  i n  t h e  temperature on t h e  surface, and space 

vacuum. The problem is t o  decide which s ing le  f a c t o r ,  o r  f a c t o r s ,  are paramount 

i n  t h e  processes involved i n  t h e  d i s in t eg ra t ion  of sur face  lunar rocks. 

Meteorites and micrometeorites, which can s t r i k e  t h e  moon a t  tremendous 

v e l o c i t i e s ,  could destroy a tremendous m a s s  of lunar  surface rocks, mixing 

up t h e  whole of t h e  loose material, But it is necessary t o  f i n d  s u f f i c i e n t  

s igns  of these  meteorities i n  t h e  lunar  soil ,  There is no doubt t h a t  

corpuscular r ad ia t ion  acts on lunar  rocks,  f o r  t h e r e  is induced r ad ioac t iv i ty ,  

and t h e  l i k e ,  Bu+, deep penetrat ion i n t o  t h e  rock is lacking, F ina l ly ,  it may 

be t h a t  volcanic e rupt ions  on t h e  moon, i n  t h e  space vacuum, cause t h e  

processes of grinding and t h e  formation of ash-like material. This still  is 

only conjecture,  also i n  need of proof. 

Study of lunar  rocks is p a r t i c u l a r l y  important t o  an understanding of t h e  

processes t h a t  took p lace  on e a r t h  during t h e  period of its e a r l y  a i s t e n c e ,  

A l l  of t h i s  is work f o r  t h e  future. 

Trans1 a+ ed for National Acr-onaut i c  s and Space Administrat ion under contract 
number NASW-2038 by Translat ion C h - - . -  t t q ,  Ltd., 944 S. Wakefield S t r e e t ,  
Arlington, V i r g i n i a  22204. 

f 11 


